Abstract:
INTRODUCTION
Drug resistance is a serious problem worldwide, particularly in hospital environments, contributing to the resurgence of more complex infections and deleterious socioeconomic effects [1 -3] . This situation is exacerbated by the increasing number of immuno-compromised patients (elderly subjects with chronic diseases, etc.), continuous flow of travelers and molecular mechanisms of resistance acquisition [4 -6] . These factors make essential the search for new and effective antimicrobial agentes. Different sources of natural compounds should be studied in order to exploit the chemical diversity found in nature. Plants can serve as reservoirs for numerous microorganisms classified depending on the locus at which they are found and their functions in the plant. For example, microorganisms known as endophytes colonize plant tissue without causing any apparent symptoms and damages [7, 8] .
Endophyte research has stimulated the interest of the scientific community, as these microorganisms represent an important genetic source with the ability to produce metabolites with diverse biotechnological applications [7 -9] . Several studies have shown that the colonization and distribution of the endophytic population in plant tissues are regulated by different properties such as environmental factors, microorganism-plant interactions and endophyte community interactions [10, 11] . Due this extensive network of stimuli that regulates the metabolic capacity of endophytic fungi, these microorganisms are excellent targets in the search for compounds with antimicrobial activity, and numerous examples of identified antimicrobials compounds of endophytic fungi have been reported [7] .
The pharmacological properties of plants used in folk medicine have been extensively studied, and increasing attention has been given to the biotic components present in these plants [7, 8, 11 -13] . Hancornia speciosa Gomes (Apocynaceae), a plant native to Brazil and popularly known as mangabeira, is commonly found in the Amazon Rainforest, Cerrado, and Caatinga biomes [14, 15] . This plant has been used to treat various pathologies; some of these properties have been scientifically confirmed such as its antimicrobial [16] , antihypertensive [17] , antiulcerous [18] , antidiabetic [19] , anticancer [20] , wound healing [21] and anti-inflammatory actions [22, 23] . A recent paper showed that this plant has potential activity against Alzheimer's Disease [24] . However, the microbiota of this plant has not been widely examined, and only one study has evaluated the bacterial community associated with trunk latex [14] . The stem bark of this plant shows antimicrobial activity [16] , which was also confirmed by preliminary data from our group (results not published). In this study, we evaluated the antimicrobial activity of endophytic fungi isolated from H. speciosa stem bark in two different climatic periods: rainy season (RS) and dry season (DS).
MATERIAL AND METHODS
Plant samples were collected during the rainy (July 2010) and dry (January 2011) seasons from the Recife coastal region (08º24'334"S, 34º94'384"W), Pernambuco, Brazil. At each sampling period, three samples of stem bark from five healthy specimens of H. speciosa were randomly collected, and processed in the Department of Mycology, Federal University of Pernambuco (UFPE).
Isolation of Endophytic Fungi
Initially, healthy samples of stem barks of H. speciosa were superficially sterilized to eliminate epiphytic microorganisms. The endophytic fungi were isolated from fragments of stem barks (1 cm 2 ) using Petri dishes containing potato dextrose agar (PDA; containing 200 g/L potato, 20 g/L dextrose, and 15 g/L agar, pH 6.0). The whole procedure is comprehensively explained in Santos et al. [11] .
Identification of Endophytic Fungi
Endophytic fungi from stem barks of H. speciosa were identified through macroscopic and microscopic evaluation using the instructions previously reported [25 -30] . For this, each colony was grown in PDA, Sabouraud-dextrose agar (SDA), Czapek agar and malt extract agar. Strains showing antimicrobial activity were deposited in the URM Culture Collection (WDCM604) of UFPE. The absolute frequency (f) was estimated as the total number of endophyte isolates, while the relative frequency (rf) was the number of endophytes of each species divided by the total number of endophytic fungi. The rate of colonization was estimated as the total number of fragments of leaves colonized by fungi divided by the total number of fragments used for the isolation of endophytes. The number of isolates in each season was used to determine diversity indices: richness (S), evenness (J′), the Simpson (D′), and Shannon-Wiener (H′) [11] .
Test Microorganisms
The antimicrobial activity of endophytic fungi was assayed against test microorganisms provided by the URM Culture Collection and UFPEDA Culture Collection (Department of Antibiotics; UFPE). The following fungi were tested: Candida albicans URM-5825, Candida krusei UFPEDA-1002, Candida tropicalis URM-5871, Malassezia furfur URM-4220, Staphylococcus aureus UFPEDA-02, Bacillus subtilis UFPEDA-86, Escherichia coli UFPEDA-224, Klebsiella pneumoniae UFPEDA-396, Pseudomonas aeruginosa UFPEDA-416, and Proteus mirabilis UFPEDA-767.
Antimicrobial Screening
All endophytic fungi isolated from stem barks of H. speciosa were subjected to a preliminary agar diffusion assay as described by Dos Santos et al. [12] using Petri dishes previously spread with bacteria (Müller-Hinton agar) and fungi [Sabouraud dextrose agar (SDA) for Candida strains and SDA supplemented with 0.5% (SDA+) olive oil for M. furfur]. After incubation (37°C for 24 h for bacteria; and at 30°C for 48 h for fungi), the antimicrobial activity was assayed by measuring inhibition diameter zones (IDZ).
Semi-Solid-State Fermentation of Most Active Fungi in Semisolid Medium
The endophytic fungi showing the highest antimicrobial activity were cultured in SDA medium at 28 ± 2°C. After 7 days, five blocks (5 mm) were transferred to Erlenmeyer flasks (1000 mL) containing rice or corn semisolid media (media preparation was performed as previously described [12] . Each fungus was statically cultivated at room temperature (28 ± 2°C). After 30 days, methanolic extracts were prepared as described by Dos Santos et al. [12] , dissolved in dimethyl sulfoxide (DMSO) and stored at -20°C until use.
Determination of Minimum Inhibitory and Minimum Microbicide Concentrations
Minimum inhibitory concentration (MIC) and minimum microbicide concentration (MMC) were determined by broth microdilution method using specific media (Müller-Hinton agar, SBA or SBA+) as described by Dos Santos et al. [12] . Each extract (in 10% DMSO) was tested in concentrations ranging from 9.76 μg/mL to 5000 μg/mL. Each assay was conducted in triplicate.
STATISTICAL ANALYSIS
All statistical analysis was performed by GraphPad Prism using one-way analysis of variance (ANOVA) and Tukey tests. Data were considered significantly different when p < 0.05. Pearson coefficient (ρ) was used to calculate correlation between the data.
RESULTS AND DISCUSSION

Endophytic Fungi Isolated from the Stem Bark of H. Speciosa
In total, 116 isolates of endophytic fungi were obtained from the 180 fragments analyzed (90 in each period of the year) ( Table 1) . These results correspond to a total frequency of colonization (FC) of 64.4%. Regarding the period of the year, 40 isolates were obtained during the dry season (FC of 44.4%), while 76 were obtained during the rainy season (FC of 84.4%). The isolated endophytic fungi were grouped into 14 species: Trichoderma harzianum (9.5%), Phomopsis archeri (8.7%), Aspergillus niger (6.9%), Penicillium fellutanum (6.9%), Nigrospora sphaerica (6%), and Fusarium solani (5.2%). The occurrence of occasional species was also observed in this study, as represented by Aspergillus flavus, Fusarium lateritium, Tritirachium oryzae, Cladosporium cladosporioides, and Marianea elegans.
Notably, some species of fungi were exclusively isolated during the dry period (C. cladosporioides and M. elegans) or rainy season (F. lateritium, F. solani, P. fellutanum, P. archeri, and T. oryzae). The species P. cava, C. gloeosporioides, and L. theobromae showed higher frequencies of colonization. Only a few species were found more frequently compared to the others [31, 32] . The most frequently occurring species are likely those that have a greater affinity to the host plant and perform essential functions such as protection against pathogens [33, 34] . The genera Aspergillus, Fusarium, Nigrospora, Penicillium, Phomopsis, and Trichoderma isolated in this work are frequently reported as endophytes of tropical and subtropical plants [35] . The lowest colonization rates were observed for C. cladosporioides, M. elegans, and T. oryzae. In general, these species can be classified as occasional, as they were represented by a few isolates [32] . In addition, endophytic isolates that did not develop reproductive structures necessary for identification after a certain culture period were also isolated. These isolates were classified as Mycelia sterilia [12, 32, 36, 37] (Table 1) .
We observed that the frequency of isolated endophytes in the rainy season was higher than in the dry period. This results may be related to some aspects such as (i) increase of spore dissemination promoted by rain; (ii) facilitation of spore germination by high humidity [38] . Numerous environmental factors are known to influence the frequency of colonization in a plant, including climatic conditions and soil composition at the collection site [10, 11, 38] . Other factors such as fog, rainfall, and dew also play important roles in endophyte diversity, as they can serve as vehicles for fungal spores that penetrate plant tissues and colonize the plant [39] .
The diversity indices of isolated fungal populations in each period are shown in Table 2 . The richness (S) values were 1.491 and 1.581 for the rainy season (RS) and dry season (DS), respectively. The RS showed higher values of Shannon-Wiener and evenness indices (H′: 2.506 and J: 0.977) than the DS (H′: 2.097 and J: 0.911). In contrast, the Simpson index was higher during the DS than RS (D = 0.146 and 0.086, respectively). Furthermore, a weak correlation was observed when the number of strains isolated for each species was analyzed (ρ = 0.053); a Sørensen-Dice coefficient of 0.696 was found between both seasons. The richness (S) values were 1.491 and 1.581 for the RS and DS, respectively. The RS showed higher values of Shannon-Wiener and evenness indices (H′: 2.506 and J: 0.977) than the DS (H′: 2.097 and J: 0.911). In contrast, the Simpson index was higher during the DS than the RS (D = 0.146 and 0.086, respectively). These results showed that although different relative frequencies were observed during each season, species diversity was similar. 
Screening of Antimicrobial Activity
Endophytic fungi have a higher potential to produce a wide variety of bioactive molecules that belong to various structural classes (such as alkaloids, peptides, steroids, terpenoids, phenols, quinones, and flavonoids). These chemical variety of fungi metabolites is associated with the inhibition of a wide variety of pathogenic microorganisms [7 -9, 12, 13] .
We examined the antimicrobial action of all 116 endophytic fungi isolated from stem barks of H. speciosa. A group of 39 strains (33.6%) displayed antimicrobial activity against Gram-positive bacteria, Gram-negative bacteria, and pathogenic yeasts under the tested conditions. The IDZ values ranged from 11 to 39 mm ( Table 3) . In this study, we considered IDZ values smaller than 10 mm as low active, IDZs between 10 and 20 mm moderately active, and IDZs greater than 20 mm as high active [40] . Among the active fungi, 21 were isolated during the RS, while 18 were isolated during the DS. Therefore, the relative frequency of strains with antimicrobial potential was higher in the DS (45%) than in the RS (27.63%) (considering the total number of isolated strains in each season). However, strains isolated in the rainy season had a higher antimicrobial potential because they inhibited the growth of at least two pathogen species. Regarding the anti-bacterial activity, all strains isolated in the RS showed the capacity to simultaneously inhibit gram-positive and gram-negative bacteria. Bacillus subtilis was inhibited by all strains isolated during the RS, with more than 80% presenting IDZ values larger than 20 mm. Similarly, approximately 76% of the endophytic fungi during this period exhibited IDZ larger values than 20 mm against E. coli. A significant number of endophytic strains were active against P. aeruginosa (67%), K. pneumoniae (62%), S. aureus (52%), and P. mirabilis (43%). In contrast, the bacteria most effectively inhibited by strains isolated in the dry period were P. aeruginosa (38.9%), followed by B. subtilis (33.3%), E. coli, P. mirabilis, S. aureus (22.2%), and K. pneumoniae (11.1%). Finally, only three isolates showed anti-yeast potential. Two strains were effective against C. albicans (A. flavus FHS012 and A. niger FHS059, isolates from the rainy and dry period, respectively) and another strain was active against M. furfur (F. solani FHS105 from the RS). Other studies have also observed the antimicrobial activity of endophytic fungi from the same genera or species of the strains isolated in our work [12, 31, 32, 41, 42] . The isolates designated as M. sterilia were also active against some microorganisms tested, suggesting that antimicrobial potential is independent of the reproductive processes of each isolate, as previously reported [12] .
MIC and MBC of the Most Active Endophytic Strains
Eight endophytic fungi isolated from the RS (A. flavus FHS012, A. flavus FHS018, A. niger FHS058, A. niger  FHS061, F. solani FHS105, F. solani FHS106, L. theobromae FHS070, and P. fellutanum FHS089) and two isolated from the DS (A. niger FHS059 and L. theobromae FHS074) were fermented in semisolid medium. This selection was based on their performance in the antimicrobial screening (IDZ values ≥ 20 mm in diameter against the largest number of pathogenic microorganisms tested). Two semi-solid media (corn or rice) were used for fermentation to obtain crude methanolic extracts, for which the MIC and MMC values were determined. The extracts were dissolved in DMSO, and this solvent did not inhibit microbial growth. Control extracts obtained only from the maize and rice media showed no antimicrobial activity.
All endophytic strains produced antimicrobial compounds in both media tested. The MIC values ranged from 19 μg/mL to 2500 μg/mL ( Table 4) . Considering the MIC values of all strans, the most inhibited microrganism was P. mirabilis with average MIC of 263.3 μg/mL and 382.6 μg/mL using rice and corn based media, respectively (p < 0.05). In fact, most of the best results (MIC < 100 μg/mL) were observed for extracts obtained from fermentation using rice as a substrate. Regarding the anti-bacterial activity, the most active strains in both medium were: A. niger FHS058 (average MIC values of 149.5 μg/mL and 416.5 μg/mL, for rice and corn, respectively), A. niger FHS059 (average MIC values of 217.8 μg/mL and 364.3 μg/mL, for rice and corn, respectively), A. niger FHS061 (average MIC values of 292.8 μg/mL and 455.5 μg/mL, for rice and corn, respectively). No significant differences were found between their average MIC (p > 0.05). Specifically, when cultivated in rice-based medium, A. niger FHS061 showed an MIC of 19 μg/mL towards P. mirabilis and 39 μg/mL against S. aureus; A. niger FHS058 presented MIC values of 78 μg/mL and 39 μg/mL against these same bacteria, respectively. The extract from F. solani FHS106 cultivated in rice medium showed an MIC of 78 μg/mL for K. pneumoniae. 
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In corn media, A. niger FHS061 had an MIC of 78 μg/mL against P. mirabilis. All of these extracts exhibited bacteriostatic activity (MMC/MIC ratio > 4). Some strains exhibited MIC values of 156 μg/mL against B. subtilis (FHS058, FHS059, and FHS061 in rice medium), E. coli (FHS058 in rice medium), K. pneumoniae (FHS106 in rice medium; FHS105 and FHS106 in corn medium), P. aeroginosa (FHS058, FHS059, and FHS061 in rice medium; FHS061 in corn medium), and S. aureus (FHS058 and FHS059 in corn).
Regarding antifungal action, the strains showed low actitivity against C. albicans or M. furfur. The best activity against C. albicans was observed for the endophytic strains F. solani FHS105 (MIC values of 312 μg/mL and in both medium) and F. solani FHS106 (MIC values of 312 μg/mL and 625 μg/mL, in corn and rice medium, respectively). These two strains also exhibited the lower MIC values against M. furfur (MIC values of 625 μg/mL).
It is well-known that the production of bioactive metabolites depends greatly on the culture medium on which the fungus is grown [8, 43, 44] . In the present study, the best antimicrobial activity was observed when rice was used as a substrate. Recently, our group showed similar results with endophytic fungi isolated from Indigofera suffruticosa [12] . In addition to the chemical differences between the two media, interstitial areas were formed between the grains in the rice medium. These areas may promote better substrate utilization in this medium.
CONCLUSION
Our results demonstrate the diversity of endophytic fungi in H. speciosa bark and importance of these microorganisms as promising targets for bioactive compounds with antimicrobial potential. The frequency of colonization of endophytes in H. speciosa bark was higher during the rainy season, although diversity was similar in both periods. Crude extracts of the endophytes obtained from fermentation in rice medium showed higher antimicrobial activity. The best results were observed for A. niger FHS058, A. niger FHS061, and F. solani FHS106. Therefore, the isolates described above constitute attractive targets for other studies to optimize the culture conditions for the production of bioactive compounds, as well as their chemical characterization. These compounds may be use directly or as a basis for the synthesis of new agents with antimicrobial activity.
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